Countless individuals undergo mechanical ventilation in intensive care units (ICUs) worldwide. Most of these patients undergo a process of separation from artificial ventilatory support, followed by removal of an endotracheal tube, which has traditionally been called weaning. While earlier efforts emphasized the gradual reduction of artificial support concomitantly with progressively greater assumption of the work of breathing by the patient, current approaches stress the timely recognition of readiness for liberation of the patient from the ventilator and airway. The challenge is to identify the earliest time when sufficient improvement has occurred for successful weaning and liberation, thereby minimizing unnecessary time on the ventilator with its accompanying added costs and risk of complications. An overly aggressive approach to early weaning can precipitate respiratory muscle fatigue and injury, however, and failed extubation adds risks associated with recurrent respiratory failure and re-intubation. The work by Delisle and colleagues, published in this issue of RESPI-RATORY CARE, 1 examines the potential value of an integrated index in predicting the outcome of ventilator weaning.
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Despite years of investigation into optimizing methods to best determine whether the patient is ready to "fly on their own," extubation failure rates still hover in the 15% range. Early efforts to identify readiness for independent breathing focused on physiologic measurements at a point in time, rather than testing endurance per se. Two decades ago, Yang and Tobin found the ratio of respiratory frequency to tidal volume (f/V T ), which has been called the rapid shallow breathing index (RSBI), to be the most sensitive and specific predictor of weaning success. 2 An index that integrated thoracic compliance, respiratory rate, oxygenation, and maximum inspiratory pressure, which they called the CROP index, was nearly as robust. Current approaches to weaning incorporate additional conceptsspecifically, that a test of endurance, like a spontaneous breathing trial (SBT), adds value, and that a wide variety of pulmonary and non-pulmonary issues may impact the likelihood of successful liberation. Many issues are directly related to respiratory physiology, respiratory muscle strength and endurance, and effectiveness of gas exchange. However, other pulmonary factors, such as poor cough strength and excessive volume or tenacity of respiratory secretions are less easily quantified but can provoke ventilatory deterioration and re-intubation, regardless of chest mechanics and gas exchange. 3 Not surprisingly, a variety of factors not directly related to the lungs, such as reduced level of consciousness or shock, can short-circuit successful liberation. In a recent randomized controlled trial (RCT), the addition of a scheduled interruption of sedative and analgesic medications to achieve an alert mental status significantly reduced duration of mechanical ventilation when combined with an SBT. 4 Finally, issues related to airway patency after removal of the artificial airway, such as post-extubation stridor, can doom an otherwise successful attempt at liberation. 5 These and other variables can be categorized and are listed along with common measures and selected comments in Table 1 . The multi-factorial nature of extubation failure is highlighted in an analysis of patients who self-extubated. Independent risk factors for extubation failure included traditional variables such as use of controlled ventilation and hypoxemia, as well as tachycardia, multiple organ failure, altered mental status, and alkalosis. 6 Implementing a structured approach to liberation from mechanical ventilation is attractive since it typically incorporates evidence-based approaches, increases the frequency and consistency of measurements and actions, reduces variability, and streamlines the process. Many protocols are team-based and capitalize on the expertise and ready availability of respiratory therapists and ICU nurses. The use of structured, multidisciplinary "weaning" programs has been associated with significant reductions in weaning time, duration of mechanical ventilation, and costs, as well as fewer re-intubations and other complications in numerous studies. [7] [8] [9] [10] The composition of such weaning protocols often varies by institution and has been the subject of considerable debate. As outlined in the 2001 American College of Chest Physicians/Society of Critical Care Medicine/American Association for Respiratory Care task force guidelines, most protocols include 3 major components: a daily screening of miscellaneous factors (see below), an SBT, and demonstration of ability to protect the airway and assessment of airway patency. 10 In the task force guidelines the patient must pass all of the screening criteria before proceeding to the SBT: some reversal of the cause of ventilatory failure, adequate oxygenation (P aO 2 /F IO 2 Ն 150 -200 mm Hg, PEEP Յ 5-8 cm H 2 O, and F IO 2 Յ 0.4 -0.5), pH Ͼ 7.25, hemodynamic stability with no more than minimal vasopressor support, and ability to initiate an inspiratory effort. 11 As noted in Table 1 , these and other variables are included in various weaning protocols. In most protocols the patient is required to pass all screening factors to proceed to SBT. It is noteworthy, however, that the use of an overly conservative protocol or inclusion of some criteria have been associated with delay in weaning and/or extubation. For example, in an RCT, the addition of RSBI to a standardized weaning protocol did not improve the accuracy of the protocol in predicting ability to successfully extubate, and actually prolonged the weaning process by 1 day. 12 In an observational study, various factors were measured during weaning, and nearly half of all patients who were successfully weaned and extubated never passed the oxygenation screening criteria (P aO 2 /F IO 2 Ͼ 180 mm Hg) despite their successful outcomes. 13 The SBT is the pivotal component of most weaning protocols; however, there is considerable variability in how the key components of the SBT are applied. For example, duration ranges from 30 min to 120 min in published reports, and ventilatory support designed to overcome the added work of breathing through the airway ranges from no support with T-tube breathing to as much as 7-8 cm H 2 O of pressure support. Automatic 
Compliance, oxygenation, respiration, effort (CORE) index CORE ϭ [C dyn ϫ (P Imax /P 0.1 ) ϫ (P aO 2 /P AO 2 )]/f P AO2 ϭ alveolar partial pressure of oxygen tube compensation is a ventilation mode that continuously adjusts applied pressure to changing flow-based airway resistance during each breath. 14 Delisle and co-workers sought to examine the added value of a new integrative index, the CORE index (see Table 1 ), on the ability to predict the outcome of a trial of unassisted breathing using a 30-min T-tube trial. The CORE index is a modification of the CROP index, both of which incorporate dynamic compliance (C dyn ), P aO 2 , alveolar partial pressure of oxygen (P AO 2 ), and respiratory rate. The CORE index also includes the ratio of the maximum airway pressure (P Imax ) to the airway-occlusion pressure 0.1 s after the start of inspiratory flow (P 0.1 ) as a measure of respiratory effort, in place of P Imax in CROP. The CORE index is calculated as:
Delisle et al performed all physiologic measurements and arterial blood gas measurements to calculate the CORE index and other indexes at the conclusion of a 30 min SBT with pressure support of 8 cm H 2 O and PEEP of 4 cm H 2 O, just before initiating a 30-min T-piece trial on F IO 2 of 0.4. Thus, the patient who has the most compliant lungs, greatest respiratory muscle strength, most effortless breathing, best oxygenation, and slowest respiratory rate at the end of 30 min of low-level pressure support has the highest CORE index. Delisle et al found that a CORE index Ͼ 8 was strongly associated with successful tolerance of a subsequent 30-min Tpiece trial, with near perfect sensitivity and specificity, and was superior to the CROP index, P 0.1 , and RSBI.
Should the CORE index become the standard for weaning assessment? There are reasonable questions to ask before embracing a new approach. Does it add value? Is it feasible to do? Was it studied in a patient population similar to your own patients? Have the results been reproduced? Delisle et al addressed a modest goal of predicting success of a brief unassisted breathing trial as a form of SBT, and chose not to directly examine the more important outcome of successful extubation. The risk of a brief unsuccessful SBT is limited, but since the CORE index precisely predicted the outcome of unassisted breathing in the study by Delisle et al, perhaps an RCT of the CORE index versus SBT is warranted.
How about feasibility and ease of use? Delisle et al used a rather lengthy weaning protocol that included screening, performance of a 30-min pressure-support SBT, measurement of physiologic variables and arterial blood gas values, calculation of CORE and other indexes, and concluding with the 30-min T-piece trial. Performing all of the components of the CORE index, including measuring P Imax and P 0.1 , obtaining a precisely timed arterial blood gas measurement, and making the calculations seems cumbersome. However, as ventilator software continues to become increasingly sophisticated, integrated direct measurement of variables such as P 0.1 -as done by Delisle et al-as well as on-board calculation of indexes such as CORE, will become more widely available. Computer-driven closed-loop physiologic measurements and automated pressure-support adjustment and performance of SBT reduced the duration of weaning and mechanical ventilation in a multicenter RCT. 15 The generalizability and reproducibility of Delisle's results to other patients is important. We were struck by the very conservative screening criteria employed by Delisle et al, and wonder how many of their patients would still be intubated and ventilated in other ICUs. Specifically, among the various screening criteria, they required that an F IO 2 Յ 0.4, PEEP Յ 5 cm H 2 O, rectal temperature Ͻ 38°C, hemoglobin Ն 8 g/dL, and no continuous intravenous sedation/analgesia for at least 48 hours before enrollment in the study. The ventilator criteria are all firmly at the conservative end of other weaning criteria. The hemoglobin requirement is at odds with a widely practiced conservative transfusion policy that avoids erythrocyte transfusion for most patients unless hemoglobin is Ͻ 7 g/dL. 16 Similarly, a strategy of interruption of sedative/analgesic infusions followed by SBT often allows successful extubation within hours of stopping continuous sedative infusion. 4 We wonder if the same impressive results would be seen if patients were enrolled at an earlier stage of recovery from respiratory failure-a question potentially answered in a multicenter RCT, as proposed by Delisle et al.
Delisle et al have added an important new tool for ventilator weaning, which integrates many facets of respiratory physiology into a single value. They found a striking concordance of a CORE index Ͼ 8 with successful completion of a 30-min T-piece trial. A high CORE index signifies adequate oxygenation and comfortable breathing. Another option to physiologically documenting comfortable breathing may be to merely ask the patient if he or she is confident about the success of extubation. In a recent study, successful extubation was twice as frequent among patients who were confident of successful extubation than those who were not confident. 17 Given the many factors involved in respiratory failure, it is unlikely that the art and science of weaning from mechanical ventilation can be distilled to just one equation, or a confident nod. Nevertheless, we eagerly await confirmatory studies that examine the performance of the CORE index in predicting successful liberation of patients from ventilator and airway in a broad population of critically ill patients at multiple centers.
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